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November 14, 2008 

Mr. John Egan 

Stirling Energy Systems, Inc. 

2920 E. Camelback Road, Suite 150 

Phoenix, AZ 85016 

Subject: Preliminary Geotechnical and Geologic Hazards Evaluation 

Solar One Project 

San Bernardino County, California 

URS Project No. 27658173.10000 

Dear Mr. Egan:

URS Corporation Americas (URS) is pleased to submit the following report presenting the results 

of our preliminary geotechnical and geologic hazards evaluation for the proposed Solar One 

Project.  This investigation was performed in general accordance with our scope of services dated 

October 16, 2008. 

This report presents our initial findings and preliminary conclusions regarding geotechnical issues 

and geologic hazards at the proposed site.  The recommendations are based on limited geologic 

reconnaissance, mapping and research.  No geotechnical field exploration or laboratory testing has 

been performed.  The results of the study indicate that the site should be suitable for the proposed 

development, provided the geotechnical and geologic considerations discussed in this report are 

incorporated into the planning and design.  Site-specific geotechnical investigation will be required 

to support final design.  

We are pleased to be part of this important project, and if you have any questions, please contact us 

at (619) 294-9400.  

Sincerely, 

 

URS CORPORATION 

  

Michael E. Hatch, C.E.G. 1925 

Associate Geologist 

Kelly C. Giesing, G.E. 2749 

Project Engineer 

  

 Derek Rector, P.G., 8406 

Assistance Project Geologist 

MEH/KCG/DR:ml





 

This page intentionally left blank 

 





TABLE OF CONTENTS 

 K:\Solar 1\AFC\AFC Solar One\appendices\Appendix E\App E text.doc\19-Nov-08\SDG i 

Section 1 Introduction .....................................................................................................1-1 

1.1 Project Description ................................................................................................ 1-1 
1.2 Scope of Services ................................................................................................... 1-2 

Section 2 Geotechnical and Geologic Evaluations .......................................................2-1 

2.1 Previous Investigations .......................................................................................... 2-1 
2.2 Geologic Review and Field Studies ....................................................................... 2-1 

Section 3 Site Conditions................................................................................................3-1 

3.1 Geologic Setting .................................................................................................... 3-1 
3.1.1 Physiographic Setting ............................................................................... 3-1 
3.1.2 Regional Geology ..................................................................................... 3-1 
3.1.3 Local Geology ........................................................................................... 3-2 

3.2 Tectonic Framework and Historical Seismicity ..................................................... 3-3 
3.2.1 Eastern California Shear Zone (ECSZ) ..................................................... 3-4 
3.2.2 Pisgah-Bullion and Lavic Lake Fault Zones ............................................. 3-5 
3.2.3 Cady Fault and Unnamed Faults in the Cady Mountains.......................... 3-5 
3.2.4 Calico Fault ............................................................................................... 3-5 
3.2.5 Camp Rock and Ludlow Faults ................................................................. 3-6 
3.2.6 Pinto Mountain Fault ................................................................................ 3-6 
3.2.7 Garlock Fault Zone ................................................................................... 3-6 
3.2.8 San Andreas Fault Zone ............................................................................ 3-6 

3.3 Surface Conditions ................................................................................................. 3-6 
3.4 Subsurface Conditions ........................................................................................... 3-7 

3.4.1 Alluvium ................................................................................................... 3-7 
3.4.2 Lacustrine Deposits ................................................................................... 3-8 
3.4.3 Rock Outcrops .......................................................................................... 3-8 
3.4.4 Groundwater ............................................................................................. 3-9 

Section 4 Seismic and Geologic Hazards ......................................................................4-1 

4.1 Surface Rupture ..................................................................................................... 4-1 
4.2 Strong Ground Motion ........................................................................................... 4-1 
4.3 Liquefaction ........................................................................................................... 4-1 
4.4 Secondary Effects of Seismic Activity .................................................................. 4-2 
4.5 Expansive Soil ....................................................................................................... 4-2 
4.6 Subsidence and Collapse ....................................................................................... 4-2 
4.7 Landslides and Slope Stability ............................................................................... 4-3 

Section 5 Geotechnical Considerations .........................................................................5-1 

5.1 Earthwork .............................................................................................................. 5-1 
5.2 Foundation Considerations .................................................................................... 5-1 

5.2.1 Shallow Foundations ................................................................................. 5-1 
5.2.2 Deep Foundations ..................................................................................... 5-2 

5.3 Seismic Design ...................................................................................................... 5-2 



TABLE OF CONTENTS 

ii     K:\Solar 1\AFC\AFC Solar One\appendices\Appendix E\App E text.doc\19-Nov-08\SDG  

5.4 Retention and Evaporation Basins ......................................................................... 5-3 
5.5 Pavements .............................................................................................................. 5-3 

Section 6 Additional Geotechnical Services..................................................................6-1 

Section 7 Uncertainty and Limitations ...........................................................................7-1 

Section 8 References ......................................................................................................8-1 



 List of Figures and Appendices 

 K:\Solar 1\AFC\AFC Solar One\appendices\Appendix E\App E text.doc\19-Nov-08\SDG iii 

Figures 

Figure 1 Regional Vicinity Map 

Figure 2 Site Plan 

Figure 3 Site Geologic Map  

Figure 4 Regional Fault and Historical Epicenter Map  

Figure 5 Field Reconnaissance Geologic Map 

Appendices 

Appendix A Previous Geotechnical Investigation 

Appendix B Photographs of Geologic Reconnaissance 

Appendix C Surface Transect Evaluations 

 
 



 List of Figures and Appendices 

iv     K:\Solar 1\AFC\AFC Solar One\appendices\Appendix E\App E text.doc\19-Nov-08\SDG  

This page intentionally left blank



 List of Acronyms and Abbreviations 

 K:\Solar 1\AFC\AFC Solar One\appendices\Appendix E\App E text.doc\19-Nov-08\SDG v 

AFC Application for Certification 

BNSF Burlington Northern Santa Fe Railway 

CBC California Building Code 

CEC California Energy Commission 

CIDH cast-in-drilled hole 

ECSZ Eastern California Shear Zone 

GPS global positioning system 

kV kiloVolt 

mm/year millimeters per year 

msl Mean Sea Level 

MW Megawatt 

Mw Moment Magnitude 

Project Solar One Project 

SES Stirling Energy Systems, Inc. 

SPT Standard Penetration Test 

URS URS Corporation Americas 

 

 



 List of Acronyms and Abbreviations 

vi     K:\Solar 1\AFC\AFC Solar One\appendices\Appendix E\App E text.doc\19-Nov-08\SDG  

This page intentionally left blank



SECTIONONE Introduction 

 K:\Solar 1\AFC\AFC Solar One\appendices\Appendix E\App E text.doc\19-Nov-08\SDG 1-1 

SECTION 1 INTRODUCTION 

This report presents the results of URS Corporation Americas’ (URS) preliminary geotechnical and 

geologic hazards evaluation for the proposed Solar One Project (Project).  The site is located in San 

Bernardino County, about 37 miles east of Barstow, California.  The location of the site is shown on the 

Vicinity Map, Figure 1.   

Stirling Energy Systems, Inc. (SES) is considering the site for development as a solar-powered electrical 

generation station.  This preliminary evaluation was undertaken to support SES in their Application for 

Certification (AFC) to the California Energy Commission (CEC) and to provide project planning and 

preliminary engineering design information.  The evaluation was performed at a reconnaissance level; 

field geotechnical investigations will be required to support final design. 

1.1 PROJECT DESCRIPTION 

The Project will encompass approximately 5,000 acres. The Project boundary and major features are 

shown on the Site Plan, Figure 2. The site is bounded by Interstate 40 on the south, an existing 

transmission line and Pisgah Substation on the east and the Cady Mountains on the north.  The majority 

of the Project components are east of Hector Road, although the site extends approximately 2 miles west 

of Hector Road on the south side of the Project area.  An existing Burlington Northern Santa Fe (BNSF) 

railroad line runs approximately east-west through the site.   

The Project will be constructed in two stages: a 500-megawatt (MW) stage and a 350-MW stage.  

Power will be supplied by up to 34,000 SunCatchers, which are individual solar dish structures each 

supported on a single metal fin-pipe pile foundation that is vibrated into the ground.  These foundations 

are expected to be 10 to 15 feet long and 24 inches in diameter, with 12-inch wide fins extending from 

four sides of the pipe pile. Drilled pier foundations (also called cast-in-drilled hole [CIDH] piles) would 

be used where fin-pipe foundations are not practical.  SunCatcher foundations will be installed at a 

spacing of approximately 112 feet in the east-west direction and 56 feet in the north-south direction.  The 

dish foundations will be lightly loaded, with uplift or overturning forces expected to control design 

considerations.   

A 42-acre Main Services Complex will be constructed near the center of the site and will include three 

SunCatcher assembly buildings, administrative, operational and maintenance facilities, and wastewater 

treatment and stormwater retention basins. Preliminary details of the structures in the Main Services 

Complex are as follows: 

 Administration/control building - one story, approximately 200 feet long by 100 feet wide by 14 

feet high; 

 Maintenance building - approximately 250 feet long by 180 feet wide by 44 feet high; 

 Control room – approximately 100 feet long by 50 feet wide; 

 Three assembly buildings – each 211 feet long by 170 feet wide by 78 feet high; 

 Wastewater treatment retention basins – two one-acre basins; 
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 Stormwater retention pond – one 1-acre pond to collect runoff from buildings and parking areas; 

and 

 Fuel storage – two 5,000 gallon storage tanks within containment pads, each 8 feet in diameter by 

approximately 13 feet in length. 

These structures are expected to be supported on shallow spread and continuous footings or mat-type 

foundations.  

A separate 21-acre satellite services complex near the south side of the site will contain maintenance and 

administration buildings (30,000 and 20,000 square feet, respectively), an additional stormwater retention 

pond, and two fuel storage tanks.  Construction staging areas will be located immediately east of Hector 

Road.   

The on-site substation will be located north of the railway line near the east side of the site. A 220 

kiloVolt (kV) transmission line approximately 1.8 miles long will connect the on-site substation to the 

Pisgah Substation.  Approximately 12 to 15 single circuit tower structures will be installed at a spacing of 

approximately 650 feet to 800 feet.  The steel poles for the transmission line connection will be supported 

on CIDH piles. 

Approximately 38 miles of paved roadways will be constructed for main travel routes, with 

approximately 250 miles of unpaved roads used between alternate rows of SunCatchers for construction 

and maintenance access. In addition, unpaved perimeter roads will be installed to provide security access 

along the perimeter fence lines. Polymeric stabilizers may be used in lieu of traditional road construction 

materials for paved roads or to stabilize unpaved roads.  A bridge is proposed to cross the railway line 

near Hector Road.  A temporary access road is proposed east of the site. 

Earthwork will be kept to a minimum during site preparation, however, earthwork is required to establish  

grades for building sites, the substation, and paved arterial roads. Paved roadways will be constructed as 

close to the existing topography as possible, with limited cut and fill operations to maintain roadways at 

slopes less than 10 percent. Blading for unpaved roadways and foundations will occur between alternating 

rows of SunCatchers. Minor localized hills or depressions will be removed as needed to provide for 

proper alignment and operation.  Minor cut and fill slopes will be constructed at 2:1 horizontal:vertical 

(H:V) or flatter. Culverts will be installed in a limited fashion as necessary for crossing of natural washes. 

In general, cuts and fills on the site will be localized. 

A separate geotechnical study will be performed for an expansion to the Pisgah Substation and the 

proposed transmission line upgrades that are outside of the Project boundary. 

1.2 SCOPE OF SERVICES 

The scope of services for this preliminary evaluation included researching and reviewing previously 

published geologic maps, aerial photographs, and topographic maps of the site area, performing 

preliminary-level field reconnaissance and geologic mapping, and preparing this report.   

The review of available information, and the results of the field reconnaissance and mapping, were used 

to develop preliminary conclusions regarding: 
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 General subsurface soil and groundwater conditions; 

 Site seismicity; 

 Seismic and geologic hazards including fault rupture, strong ground motion, liquefaction, lateral 

spreading, seismic settlement, landsliding, expansive or collapsible soil, and subsidence; 

 Site coefficients and near-source factors in accordance with the 2007 California Building Code; 

 Site grading considerations; 

 Foundation installation and constructability considerations; 

 Recommendations for further geotechnical and geologic investigations. 

This study was preliminary in nature and did not include any intrusive subsurface explorations.  

Additional field investigations will be required to provide engineering data for final design and 

construction.  
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SECTION 2 GEOTECHNICAL AND GEOLOGIC EVALUATIONS 

Prior to beginning the field studies, published geologic information for the site and site-specific 

geotechnical data provided by SES were reviewed. The field studies included performing site 

reconnaissance and geologic mapping.  No subsurface explorations or laboratory testing were performed. 

2.1 PREVIOUS INVESTIGATIONS 

A geotechnical investigation was performed on a small portion of the site north of the Pisgah Substation 

by C.H.J. Incorporated (2006). That geotechnical investigation included advancing four borings to depths 

of up to 46 feet below the ground surface, performing geotechnical laboratory testing, and performing 

field and laboratory testing for thermal and electrical resistivity. The report includes an evaluation of 

geologic hazards and recommendations for design and construction of the demonstration project, which 

has elements similar to those planned as part of the Solar One Project. That report is included in this 

report as Appendix A.  

2.2 GEOLOGIC REVIEW AND FIELD STUDIES 

Available published geologic information and geotechnical information were reviewed to develop an 

understanding of conditions on the subject site. Stereographic aerial photographs of the site were also 

analyzed to evaluate site conditions and fault hazards.   

Field geologic mapping was performed during October 2008 within the proposed project site limits.  

Photo-based site plans with topographic data (25-foot contour intervals, interpolated by Stantec, the 

Project Engineer) were used for the field mapping. Field activities included general surficial mapping of 

the contacts between geologic units and measuring and recording structural data.  Due to the size of the 

site and the preliminary scope of the evaluation, detailed mapping was only performed at selected 

locations that provided good geologic exposures.  Appendix B presents additional details and photographs 

of key features observed during the field reconnaissance. 
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SECTION 3 SITE CONDITIONS 

Knowledge of the site conditions has been developed from a review of published information on the 

area’s geology, a previous geotechnical investigation on a portion of the site, and the field program 

undertaken for the current study. 

3.1 GEOLOGIC SETTING 

3.1.1 Physiographic Setting 

The Project site is located in the eastern-central portion of the Mojave Desert Geomorphic Province in an 

area known as Hector (Figure 1). The area is bounded to the north by the Cady Mountains, to the east by 

the Sleeping Beauty Mountains, Pisgah Crater to the south, and by Lake Manix and Troy Lake basins to 

the west. The area is primarily characterized by alluvial fans and washes that gently to moderately slope 

to the south from the foot of the Cady Mountains. A number of Oligocene- or Miocene-age basaltic and 

andesitic volcanic rock outcrops are located in the foothills of the Cady Mountains.  Quaternary-age 

basalt flows from the Pisgah Crater bound the southern portion of the Project site. Lacustrine deposits 

from one of the high level fluctuations of Lake Manix overlap the southwestern portion of the site to 

elevations of approximately 1,825 feet Mean Sea Level (msl). Deposits from Lake Manix basin suggest 

lake fluctuations that began during the middle Pleistocene and continued though most of the Late 

Pleistocene (Jefferson 2003). 

3.1.2 Regional Geology 

The geology of the Mojave Desert region can be divided into two groups according to their inferred age:  

Pre-Cenozoic rocks (approximately 65 million years ago [mya] and older) and Cenozoic rocks (present to 

approximately 65 mya).  The Pre-Cenozoic rocks represent the basement rocks of the present day Mojave 

desert region and are typically represented as mountains and rock outcrops. The Pre-Cenozoic rocks were 

subsequently overlain by Cenozoic rocks which are typically represented as volcanic mountains and 

flows, alluvial basins and valleys, and lacustrine lakebed deposits. Detailed descriptions of the two rock 

groups are provided below.  

The Pre-Cenozoic rocks of the Mojave Desert region are generally made up of Pre-Cambrian 

(approximately 543 mya and older) gneiss and schist, and limestone, Mesozoic (approximately 65 mya 

through 245 mya) meta-volcanic rocks, and late Mesozoic granitic rocks, primarily composed of 

monzonites and granodiorites (Bassett and Kupfer 1964).  All of these Pre-Cenozoic rocks underwent a 

period of regional metamorphism followed by period of deep erosion. 

Throughout the Cenozoic, erosion of the Pre-Cenozoic rocks and more recent volcanic rocks resulted in 

the development of alluvial filled basins throughout the region. Lava flows from volcanic activity that 

occurred intermittently during the last 1.8 million years can also be seen in the region.  Development of a 

series of lakes and their subsequent retreat happened primarily in the Pleistocene (0.01 to 1.8 mya) and 

resulted in lacustrine deposits stratigraphically above the existing Pre-Cenozoic and Cenozoic rocks 

(Diblee 1980a). 
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3.1.3 Local Geology 

The geologic units in the Project vicinity are presented in the table below, Geologic Conditions, and are 

shown on Figures 3 and 5, Site Geologic Map and Field Reconnaissance Geologic Map. 

Table 1 

Geologic Conditions 

Geologic Map 

Unit 

Unit or  

Formation Name 
Description/Comments 

Qa Quaternary alluvium 

Late Pleistocene to Holocene; unconsolidated clay, silt, sand and gravel of 

alluvial fans and streamwash deposits, partly dissected and poorly sorted. 

Typically light reddish brown to light brown, Gravelly (~15%), fine to coarse 

Sand (~85% including eolian deposits), trace Cobbles. Granitic and volcanic 

clasts up to 8 inches, sub-angular to sub-round and moderately weathered. 

Qf 
Quaternary alluvial fan 

gravel 

Late Pleistocene to Holocene; unconsolidated silt, sand, gravel and cobbles of 

slopewash, alluvial fans and streamwash deposits. Typically light reddish 

brown, Gravelly (~30%), coarse to fine Sand (~50%), with Cobbles (~20%). 

Granitic and volcanic clasts up to 18 inches, sub-angular to sub-round and 

moderately weathered. 

Qb 
Quaternary basalt of 

Pisgah flow 

Holocene; dark gray Basalt, vesicular, moderately weathered and strong. 

Recent flows from nearby Pisgah Crater. 

Qlc 
Quaternary lacustrine 

deposits 

Late Pleistocene to Holocene lake deposits; fine-grained dry lake bed deposits 

displaying mud cracks in localized surface depressions and in the low lying 

areas. 

Qoa 
Quaternary older 

alluvium 

Pleistocene; moderately dissected, moderately consolidated, poorly sorted 

clay, silt, sand and gravel of older alluvial fans, terraces, and channel deposits. 

Typically light reddish brown to light brown, Gravelly (~15%), fine to coarse 

Sand (~85%), trace Cobbles. Granitic and volcanic clasts up to 8”, sub-angular 

to sub-round and moderately weathered. 

Qof 

Quaternary older 

fanglomerate and 

gravel 

Pleistocene; partly dissected, largely unconsolidated silt, sand and gravel 

deposits of slopewash, older alluvial fans and terraces. Typically light reddish 

brown to light brown Sandy Gravel/Gravelly Sand with few Cobbles. 

Predominantly volcanic clasts up to 15 inches, sub-angular to sub-round and 

moderately weathered. 

Tb 
Oligocene or Miocene 

basalt 

Oligocene or Miocene; inselberg forming volcanics, gray to dark gray, 

porphyritic, moderately vesicular, moderately weathered, strong. 

Ta 
Oligocene or Miocene 

andesite 

Oligocene or Miocene; inselberg forming volcanics, light gray to gray, 

porphyritic, moderately weathered, strong. 

Tab 
Oligocene or Miocene 

andesitic breccia 

Oligocene or Miocene; inselberg forming volcanics, light gray to gray, 

moderately weathered, strong. Flows and flow breccia composed 

predominantly of aphyric to porphyritic andesite. 

Gqm 
Mesozoic granite to 

quartz monzonite 

Mesozoic; reddish brown to light brown, mountain forming, coarse-grained, 

subequigranular, moderately weathered, evident spheroidal weathering. 
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The Project site is near the toe of an alluvial fan emanating from the Cady Mountains located north-

northeast of the Site. The alluvium is dissected by southwest-trending washes.  Geologic mapping of the 

Site and surrounding areas show the Site is underlain by young alluvial fan deposits of Holocene (present 

to 0.01 mya) to late Pliestocene age. The alluvial deposits are overlain in part by Holocene basalt of the 

Pisgah flow (CHJ Incorporated 2006), and a number of Oligocene or Miocene basaltic and andesitic 

volcanic rock outcrops were mapped in the northeastern portion of the Project Site.  

3.2  TECTONIC FRAMEWORK AND HISTORICAL SEISMICITY 

The Mojave Desert Geomorphic Province is a wedge shaped area largely bounded by the San Andreas 

Fault Zone and the Garlock Fault and is structurally referred to as the Mojave Block. The Mojave Block 

is cut by a series of northwest to southeast striking faults as shown on Figure 4. Collectively, the strike 

slip faults in the Mojave Block are referred to as the Eastern California Shear Zone (ECSZ). The 

epicenters of historical earthquakes experienced in the area are also shown in Figure 4. 

Significant faults within 62 miles (100 kilometers) of the center Project site are provided in Table 2 

below.  The faults are listed in order of proximity to of the Project site.  Fault type, fault length, maximum 

estimated slip rate, and probable maximum earthquake magnitude are also listed in the table. 

Table 2 

Significant Faults Within 62 Miles (100 Kilometers)   

Fault Name 
Nearest Distance 

to Solar One Site 

Type of 

Faulting1 

Fault 

Length1 

miles  

(km) 

Maximum Estimated 

Slip Rate inches/year  

(mm/year) 1 

Probable 

Maximum 

Earthquake 

Magnitude1 

(Mmax) 

Lavic Lake 0 
right-lateral 

strike-slip 
17 (27) Unknown 7.1 

Pisgah 0 
right-lateral 

strike-slip 
21 (34) 0.04 (0.8) 6.0 – 7.0 

Calico 14.0 (22.5) 
right-lateral 

strike-slip 
21 (95) 0.10 (2.6) 7.1 

Camp Rock -

Emerson 
20.0 (32.2) 

right-lateral 

strike-slip 
22 (35) 0.04 (1.0) 6.8 

Lenwood 28.0 (45.1) 
right-lateral 

strike-slip 
22 (35) 0.03 (0.8) 6.8 

North Frontal Zone 35.0 (56.3) thrust 40 (65) 0.04 (1.0) 7.1 

Helendale 44.0 (70.1) 
right-lateral 

strike-slip 
31 (50) 0.03 (0.8) 7.3 

Gravel Hills 45.0 (72.4) 
right-lateral 

strike-slip 
31 (50) 0.04 (0.9) 7.2 

Pinto Mountain 46.0 (74.0) 
left-lateral 

strike-slip 
45 (30) 0.04 (1.0) 7.5 
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Fault Name 
Nearest Distance 

to Solar One Site 

Type of 

Faulting1 

Fault 

Length1 

miles  

(km) 

Maximum Estimated 

Slip Rate inches/year  

(mm/year) 1 

Probable 

Maximum 

Earthquake 

Magnitude1 

(Mmax) 

Garlock 53.0 (85.3) 
left-lateral 

strike-slip 
155.0 (250) 0.43 (11) 7.1 

Death Valley 54.0 (86.9) 
right-lateral 

strike-slip 
71 (115) 0.12 (3.0) 7.3 

San Andreas 56.0 (90.1) 
right-lateral 

strike-slip 
745 (1,200) 1.41 (36) 7.9 

Cleghorn 58.0 (93.3) 
left-lateral 

strike-slip 
19 (30) 0.10 (3.0) unknown 

Notes: 
1   Data obtained from the Southern California Earthquake Center (SCEC) website. See References. 

 

The following sections discuss significant faults in order of increasing distance.

3.2.1 Eastern California Shear Zone (ECSZ) 

Geodetic studies have suggested that approximately 6 to 8 millimeters per year (mm/yr) of right-lateral 

slip are accommodated across the ECSZ (Sauber et al., 1986). This movement represents approximately 

15% of the motion between the Pacific and North American plates. Individual faults within the ECSZ 

have estimated slip rates of less than 1 mm/yr. These are relatively low slip rates when compared to the 

San Andreas fault (36 mm/yr) or the major faults west of the San Andreas in southern California that 

include the San Jacinto (12 mm/yr), Elsinore (6 mm/yr), Palos Verde (3 mm/yr) or the Newport-

Inglewood faults (1.5 mm/yr). Given the relatively low slip rates of the faults in the ECSZ, the recurrence 

interval between moderate to large earthquakes on any of the these faults is relatively long, on the order 

of 5,000 years or longer. 

Despite the long recurrence intervals estimated for moderate or large earthquakes on individual faults 

within the ECSZ, there have been two significant earthquakes in the region within the last 15 years. The 

1992 Landers event ruptured along a series of faults in the central portion of the ECSZ, about 45 miles 

south of the project site. This Moment Magnitude (Mw) 7.3 event was accompanied by significant ground 

rupture, with over 18 feet of slip noted at certain locations, and over 3 feet of slip noted over 53 miles of 

the rupture.  

In 1999, less than 7 years later, a Mw 7.1 event occurred on the Bullion and Lavic Lake faults (referred to 

as the Hector Mine earthquake). These events were located approximately 18 miles to the south of the 

project area. The overall length of ground rupture has been estimated at 28 miles with significant slip 
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(greater than an inch or so) occurring over a distance of about 22 miles. Maximum displacement was 

estimated at 17 feet of right slip and an average slip of approximately 8 to 10 feet.  

3.2.2 Pisgah-Bullion and Lavic Lake Fault Zones 

Two faults within Earthquake Fault Zones (Alquist-Priolo Zones) are mapped on the project site as seen 

in Figure 2.  The westernmost is the Pisgah fault and is considered part of the Pisgah-Bullion fault zone.  

The northern portion of the Bullion Fault is presumed to connect in the subsurface with the Pisgah Fault 

(Hart 1987).  This fault zone is a right-lateral fault system and is considered by the State of California to 

have a Mw 7.1 as evidenced by the Hector Mine earthquake of 1999.   

The second Earthquake Fault Zone projecting into the site is the northern extension of the Lavic Lake 

Fault Zone.  It extends northwest from near the center of the length of the Pisgah-Bullion fault zone.  It 

runs just east and parallel to the Pisgah-Bullion Fault Zone.  Due to limited surface expression and young 

alluvial cover, the northernmost part of this fault zone was simply mapped as “Fault A and Fault B” 

(Hart 1987).   

Shaking along these faults during the Hector Mine earthquake of 1999 is interpreted as producing as 

much as 510 mm horizontal motion near the epicenter.  However, northward, towards the project site this 

displacement diminishes to as little as 2 mm of movement.  No movement was recorded north of 

Interstate 40 or in the Project area during this event.  

Recent observations of the Pisgah and Lavic Lake faults were made with stereo ortho-photographs and 

field reconnaissance mapping.  Mapped interpretations of these fault projections can be seen in Figure 5. 

3.2.3 Cady Fault and Unnamed Faults in the Cady Mountains 

The Cady fault is an east-west trending fault that exists approximately 9 miles north of the project site in 

the northern flank of the Cady Mountains and runs for approximately 12 miles.  It is a left-lateral, strike-

slip fault.  It is believed to have ruptured in the Quaternary and movement is shown in older alluvial 

deposits.  However, younger alluvium overlays the eastern end of the fault which suggests no recent 

movement. 

Two northeast trending faults that exist in the igneous rocks north and northeast of the project site are 

likely pre-Quaterary in age and recent faulting is not likely.  The easternmost of these faults runs from the 

northeast corner of the Project site parallel to the existing transmission line to the northeast.  The other 

fault runs northeast into the Cady Mountains from just north of the northwest corner of the Project site 

(Figure 3). 

3.2.4 Calico Fault 

The Calico Fault is a northwest-southeast trending right lateral, strike-slip fault that exists approximately 

14 miles to the east of Project site (Figure 4).  It has an estimated horizontal slip rate of 0.10 inches a year 

with a probable maximum Mw of 7.1.  It is estimated to rupture every 1,500 years with the most recent 

rupture being March 18, 1997. 
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3.2.5 Camp Rock and Ludlow Faults 

As is characteristic of major faults within the ECSZ, the Camp Rock and Ludlow Faults trend northwest-

southeast and display right-lateral, strike-slip displacement.  These faults are mapped to extend within 20 

miles west and 12 miles east, respectively, of the Project site (Figure 4).  The Camp Rock, Emerson, and 

Copper Mountain faults make up a roughly continuous fault system some 62 miles in length.  About 12 

miles of the Camp Rock fault ruptured in the Landers earthquake of 1992.  The State of California (State) 

assigns a maximum magnitude earthquake of Mw 7.3 to the Camp Rock-Emerson Fault (Cao et al., 2003).  

The State does not consider the Ludlow fault in recent hazard assessments. 

3.2.6 Pinto Mountain Fault 

The Pinto Mountain Fault forms the south-central boundary of the Mojave Desert block, truncating 

several of the northwest-trending faults characteristic to this region.  The Pinto Mountain Fault is a left-

lateral, strike-slip fault which has a significant vertical component of displacement (down-to-the-south) 

particularly in the western sections (Bryant 1986).  This fault is located 46 miles south of the Project site 

and was assigned a Mw of 7.0 by the State seismic hazard assessment (Cao et. al., 2003). 

3.2.7 Garlock Fault Zone 

The Garlock Fault zone marks the northern boundary of the Mojave Block and is one of the most obvious 

geologic features in southern California.  It is a left-lateral strike-slip fault that connects at an acute angle 

to the San Andreas Fault Zone and trends northeasterly to its terminus in the northern Mojave Desert.  

The slip rate ranges from 2 to 11 millimeters per year, with a rupture interval ranging between 200 and 

3,000 years.  The Garlock Fault Zone is given a probable Mw of 7.6. The most recent earthquake with a 

Mw of 5.7 was on July 11, 1992 near the town of Mojave. 

3.2.8 San Andreas Fault Zone 

The San Andreas Fault extends northwest through California from the Salton Sea to Cape Mendicino, 

following a major zone of right-lateral crustal interaction between the Pacific and North American 

lithospheric plates.  Mapped traces of the fault along the southwestern edge of the Mojave Desert block 

are located approximately 56 miles to the southwest of the project site.  The State seismic hazard model 

(Cao et. al., 2003) assigned a Mw 7.5 to the nearest portions of the San Andreas Fault. 

3.3 SURFACE CONDITIONS 

The Project site is generally part of coalescing alluvial fans emanating from the Cady Mountains located 

immediately north-northeast of the site.  The alluvium is dissected by washes that trend southwest away 

from the base of the Cady Mountains.  The depth and width of the washes is highly variable.  The surface 

elevations slope gently to the southwest, from a high of about 2,600 feet msl on the north side of the site 

to about 1,800 feet msl at the southwest corner of the site.  Greater topographic relief occurs in various 

rock outcrops in the northernmost part of the site. 
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The surface of the site is sparsely vegetated.  Desert pavement (accumulation of gravel size material) has 

developed over much of the site.  Hardly any vegetation occurs in the area of the lacustrine deposits in the 

southwest part of the site; the desert pavement is not well developed in those areas either. 

3.4 SUBSURFACE CONDITIONS 

The immediate Project site is chiefly underlain by light reddish brown to light brown Holocene- and 

Pleistocene-age alluvial deposits. To a lesser degree, lacustrine deposits were mapped along the 

southwestern portion.  A number of Oligocene- to Miocene-age basaltic and andesitic volcanic outcrops 

were mapped in the northeastern portion of the Project site.  

The subsurface conditions presented in this section are based on the geologic field mapping and a 

preliminary subsurface investigation (C.H.J. Incorporated 2006). The primary geologic units observed on 

the site are listed in Table 1.  These units are described in detail in the following sections.  The 

approximate geologic contacts between these units on the site, based on field mapping and review of 

aerial photographs, are shown in Figure 5, Field Reconnaissance Geologic Map. 

3.4.1 Alluvium 

Quaternary alluvium and fan gravel deposits dominate the site based on its location at the foot of the Cady 

Mountains located north-northeast of the site. The erosional debris shed from the mountains accumulates 

as coalesced alluvial fans and aprons at the toe of the mountain front. The fan gravels dominate the 

northeastern portion of the site, nearest the Cady Mountains, while alluvium covers the central and much 

of the southern portions of the site.  

Older alluvial deposits occur as alluvium, fanglomerate and gravel, predominanatly in the southern-

central portion of the Project site. The older alluvial deposits are generally dense to very dense and exhibit 

moderately mature desert pavement development when compared to Quaternary-age alluvium. 

A preliminary geotechnical investigation was performed on a small portion of the site, north of the Pisgah 

Substation (C.H.J. Incorporated 2006). That investigation encountered loose near-surface deposits 

composed primarily of loose eolian dune sands on the order of 1 to 3 feet thick underlain by dense to very 

dense alluvial soils. The alluvial soils encountered consisted of poorly graded sand and silty sand, both 

with gravel. Drill rig refusal, attributed to nested cobble or boulder sized clasts, occurred in two of the 

borings at depths of 29 and 46 feet.   

As part of the preliminary geologic reconnaissance and field mapping for the proposed project site, URS 

geologists performed two surface transect evaluations. The surface transect evaluations were designed 

and conducted to gain an understanding of the surface geology with respect to grain/clast size distribution. 

The surface transects were performed by following linear routes through relatively undisturbed segments 

of the geologic units found on the proposed project site in a down slope direction from the Cady 

Mountains. 

Within the alluvial deposits (see table below) the percentage of sand generally increases with distance 

from the Cady Mountains, while the percentage of gravel and cobbles generally decreases. Further detail 
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and photographs of the transects are presented in Appendix C, and transect locations are plotted on 

Figure 5.  

Table 3 

Transect Evaluations    

Grain Size/Clast Size Distribution 

Transect Location Sand (%) Gravel (%) Cobble (%) 

1 1 40 40 20 

1 2 40 40 20 

1 3 60 30 10 

1 4 70 25 5 

1 5 75 20 5 

1 6 80 15 5 

1 7 95 5 0 

1 8 95 5 0 

1 9 95 5 0 

 

2 1 80 20 0 

2 2 90 10 0 

2 3 90 10 0 

2 4 80 20 0 

2 5 95 5 0 

2 6 95 5 0 

 

3.4.2 Lacustrine Deposits 

Lacustrine deposits were mapped along the southwestern portion of the Project site. The Pleistocene-age 

lacustrine deposits are from high-level fluctuations of Lake Manix as it overlapped the southwestern 

portion of the site. Deposits suggest lake fluctuations began during the middle Pleistocene and continued 

though most of the late Pleistocene (Jefferson 2003). In general, these Pleistocene dry lake bed deposits 

consist of interbedded fine-grained sand, silts and clays displaying mud cracks in localized surface 

depressions and in the low lying areas, with localized veneers of immature desert pavement.  

3.4.3 Rock Outcrops 

Numerous Tertiary-age basaltic, andesitic, and andesitic breccia volcanic rock outcrops were mapped in 

the northeastern portion of the Project site. These volcanic rocks are typically gray to dark gray, 

porphyritic, vesicular, moderately weathered and strong.  
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The Pisgah lava flows, which are mapped on the southwestern and southeastern edge of the Project site, 

originated from the Pisgah Crater and are quite extensive. Other flows are nearby, notably the Sunshine 

Peak and the Malpais flow of Newberry Mountains. They are believed to be late Quaternary-age and 

associated with the last activity of the Ludlow volcanic center. This area is believed to have been the main 

source area for the volcanic rocks in the southern and eastern Cady Mountains (Diblee 1980a). 

3.4.4 Groundwater 

A water well is present on the southern portion of Section 1 (T8N-R5E) as shown on Figure 5. The depth 

to groundwater was measured at 310 feet below the ground surface during a pumping test performed on 

the well during October 2008 (SES 2008). 
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SECTION 4 SEISMIC AND GEOLOGIC HAZARDS 

The primary geologic hazards at the Project site are surface rupture from one of the active faults on-site 

and strong ground motion from a seismic event centered on one of several nearby active faults. 

Evaluations of surface rupture, seismic shaking, liquefaction, expansive soil, subsidence and collapse, and 

slope stability at the site are discussed in detail below. 

4.1 SURFACE RUPTURE 

In 1972, the State of California passed the Alquist-Priolo Earthquake Fault Zoning Act to mitigate the 

hazard of surface faulting to structures for human occupancy.  There are two mapped Earthquake Fault 

Zones that encroach upon the project site and can be seen on Figure 2. The western-most fault is the 

Pisgah Fault and the south-central one is the northern end of the Lavic Lake Fault.  Surface expressions of 

these two faults were observed by URS geologists during a geologic reconnaissance and field mapping 

program performed from October 28 through October 31, 2008.  A more detailed description of the field 

mapping program can be found in Appendix B.  The traces of the faults observed during the field program 

are shown in Figure 5. 

The potential for surface rupture of strands of the Pigah and Lavic Lake faults across the Project site is 

moderate.  Additional evaluation of the fault strands will be performed during design-level geotechnical 

studies to confirm the presence and activity level of on-site faults. Recommendations for further 

evaluation of surface rupture are presented in Section 6. 

4.2 STRONG GROUND MOTION 

The site is within the Eastern California Shear Zone, an area of high seismicity and numerous active 

faults.  Moderate to high levels of ground shaking could occur at the site as a result of an earthquake on 

any of a number of faults in the region, including the faults on site or the San Andreas, Imperial, Garlock, 

and Pinto Mountain faults. The Project is likely to be affected by an earthquake on one of these faults 

during the Project life. 

4.3 LIQUEFACTION 

Liquefaction is a process in which saturated soils lose strength because of earthquakes or other sources of 

ground shaking.  The soil deposit temporarily behaves as a viscous fluid; pore pressures rise, and the 

strength of the deposit is greatly diminished.  Liquefaction is often accompanied by sand boils, lateral 

spreading, and post-liquefaction settlement as the pore pressures dissipate. Liquefiable soils typically 

consist of saturated, cohesionless sands and silts that are loose to medium dense. Liquefaction is not 

typically thought to occur if groundwater is deeper than 50 feet below the ground surface. 

The potential for liquefaction at the site was evaluated as part of the preliminary geologic and 

geotechnical evaluation for the Project.  Loose granular materials may be present near the ground surface, 

however, groundwater is on the order of 300 feet below the ground surface.  The depth to groundwater 

was measured at 310 feet below the ground surface during a pumping test performed on a well located on 

the southern portion of Section 1 (T8N-R5E) during October 2008 (SES 2008). Due to the depth to 
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groundwater, the potential for liquefaction to occur at the site is low.  Further, the Geologic Hazard 

Overlay in the San Bernardino County General Plan (URS 2007a) does not classify the site area as having 

a potential for liquefaction. 

4.4 SECONDARY EFFECTS OF SEISMIC ACTIVITY 

Secondary effects of seismic activity include seismically induced settlement of dry soils (seismic 

compaction), tsunamis, and seiches.   

Seismically induced settlement of dry soils (seismic compaction) can occur during strong ground shaking 

in loose, clean granular deposits above the water table, resulting in ground surface settlement. The water 

table is on the order of 300 feet below the ground surface and granular soils exist above this level.  

Limited reconnaissance mapping and previous subsurface investigations (Appendix A) show that the 

granular soils at various locations onsite are denser that what would be considered loose deposits.  

Seismically induced settlement is not considered a significant hazard for most of the Project site.   

The Project site is approximately 2,000 feet above sea level, and therefore the potential for flooding at the 

Project site as a result of a tsunami is considered to be very low.  A wave created by earthquake shaking 

in an enclosed body of water is called a seiche. There are no significant bodies of water in the site 

vicinity.  Therefore, the potential for flooding at the site as a result of a seiche is considered to be very 

low. 

4.5 EXPANSIVE SOIL 

Expansive soil and rock shrink and swell with changes in moisture content.  Near-surface alluvial deposits 

on the Project site are expected to consist of primarily sand and gravel with a low expansion potential.  

Cohesive soil was not encountered in the borings advanced for the demonstration site (C.H.J. Inc. 2006).  

Some lacustrine soils were observed in the southwest portion of the site (see Figure 5). Visual 

observations indicated the soil has a high silt content, however, a potential exists for expansive material to 

be present.  The likelihood for expansive soil to impact the project is judged to be low over the majority 

of the site and low to moderate in the southwest corner.   

4.6 SUBSIDENCE AND COLLAPSE 

The Mojave River area is subjected to subsidence from fluid withdrawal (generally associated with 

groundwater wells).  Minor subsidence has been detected as close to the proposed project as the Troy 

Lake area to the west.  The majority of the Project site is outside of the areas being monitored for 

subsidence within the Mojave River groundwater basin.  The potential for damaging localized differential 

settlement from subsidence is considered low, given the measurements in the site vicinity and the limited 

groundwater lowering within the Project site. Further, the planned facilities are not highly sensitive to 

aerial settlement. While an increase in groundwater withdrawal is expected to occur as part of the Project, 

the impact to regional groundwater levels and subsidence is expected to be limited (Stamos, et al., 2004; 

Sneed et al., 2003). 

Loosely deposited alluvium and colluvium can be subject to collapse due to wetting and/or inundation.  

The only areas of the site subject to significant saturation are within the washes.  These areas have been 
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inundated in the past, and are not likely to experience additional collapse settlement. Natural drainage 

patterns are not significantly changed as part of the project and the existing washes are excluded from 

development areas.  Therefore, the project should not increase the potential for collapse settlement to 

occur at the site and the potential for collapse settlement to affect the project is low. 

4.7 LANDSLIDES AND SLOPE STABILITY 

Landslides can occur due to the presence of steep slopes, saturated soil or rock, and/or seismic activity.  

The majority of the site is on relatively level or gently sloping ground; therefore, the risk of land sliding is 

very low. The mountains on the northern site boundary have a low to moderate potential for landslide 

activity, based on preliminary observations.  The Geologic Hazard Overlay in the San Bernardino County 

General Plan (URS 2007a) does not map the site within an area of landslide susceptibility.  Based on the 

available information, the potential for landslides to affect the project is low.  
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SECTION 5 GEOTECHNICAL CONSIDERATIONS 

In our opinion, the site is geotechnically suitable for the proposed solar power plant.  Below the loose 

sands encountered in the upper 1 to 3 feet, the underlying material is anticipated to be dense to very dense 

sand with gravel that should provide good support for deep foundations. The primary geotechnical and 

geologic considerations for design and construction include: 

 The presence of loose sand within the upper 1 to 3 feet.  Mitigation will likely be required to 

provide support for shallow foundations and other surface improvements.  

 Installation of SunCatcher foundations through potentially dense and/or cobbly/bouldery soil. 

 Strong seismic ground shaking and appropriate seismic design of project elements. 

 Characterization of on-site faults and the avoidance of fault rupture hazard. 

The following sections of this report present preliminary conclusions related to geotechnical design at the 

site.  Preliminary 2007 California Building Code Seismic Coefficients are also presented. The potential 

for fault rupture was discussed in Section 4. The discussions and conclusions are based on literature 

research, results of current field studies, engineering evaluations, and professional judgment. The 

discussions are based on limited subsurface data and should be considered preliminary.  Subsurface 

investigation will be required for final design.   

5.1 EARTHWORK 

Earthwork is likely to consist of minor grading for building foundations and pads and parking areas in the 

Main Services Complex and substation areas, as well as paved and unpaved roadways and utility trenches 

across the site.   

Remedial grading will be required in portions of the site where structures and roads are constructed in 

areas of loose surficial soil.  Near-surface soil encountered during the limited subsurface investigation for 

the demonstration site (C.H.J. Incorporated 2006) was found to be loose in some areas.  Additional 

subsurface exploration will be performed to evaluate relative density, strength and compressibility across 

the broader site.  At this preliminary stage, it is expected that overexcavation and recompaction of near 

surface soil will be required below foundations and roadways. 

5.2 FOUNDATION CONSIDERATIONS 

5.2.1 Shallow Foundations 

Shallow foundations will likely be used to support light to moderate structures and equipment, primarily 

within the Main Services Complex and Satellite Services Complex.  As discussed above, the near surface 

soil may be loose in some areas and is likely to require overexcavation and recompaction below shallow 

foundations.  After recompaction, the soil at the site should provide moderate to high strength and low 

compressibility for the support of structures and equipment.  Shallow strip and spread foundations are 

likely to be feasible for the majority of structures.  Mat foundations may be required for larger structures 

or those sensitive to differential settlement. 
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5.2.2 Deep Foundations 

Deep foundations that will likely be used for the SunCatchers and transmission line pole foundations 

should encounter moderate to high strength soil below the upper 1 to 3 feet. The deeper soils are expected 

to provide sufficient vertical and lateral support for these structures. The pipe-fin foundations planned for 

the SunCatchers are 24 inches in diameter and are vibrated into place.   

Some of the borings for the demonstration site near the southeast corner of the project area encountered 

refusal at depths between 29 and 46 feet, likely due to the presence of cobbles and boulders.  The particle 

size and frequency of cobbles and boulders is expected to increase closer to the Cady Mountains, to the 

north.  If the pipe-fin foundations encounter refusal conditions on cobbles or boulders, or due to the 

presence of very dense sands, larger diameter drilled piers may be required.  Drilled piers (also called 

cast-in-drilled hole [CIDH] piles) will also likely be the selected foundation type for the transmission line 

foundations.  Large diameter (on the order of six feet) CIDH piles are likely to be able to penetrate areas 

where boulders are present. However, drilling fluid or casing may be required to reduce caving of the 

sides of the hole during drilling, and the extraction of boulders could increase the volume of concrete 

required to fill the holes.  Subsurface investigations will be required to evaluate the presence of boulders 

and cobbles in the subsurface across the site.  

5.3 SEISMIC DESIGN 

Seismic design parameters developed from the 2007 California Building Code (CBC) are presented in 

this section. The table below provides 2007 CBC Seismic Coefficients for the central portion of the site 

near the proposed building locations.   

Table 4 

2007 CBC Seismic Coefficients 

Parameter Value 2007 CBC Reference 

Site Class D Table 1613.5.2 

Mapped Spectral Acceleration - Short Period, Ss (g) 1.168 Figure 1613.51 

Mapped Spectral Acceleration - 1 Sec. Period, S1 (g) 0.389 Figure 1613.51 

Site Coefficient - Short Period, Fa 1.033 Table 1613.5.3(1)1 

Site Coefficient - 1 Sec. Period, Fv 1.622 Table 1613.5.3(2)1 

MCE 2 Spectral Response Acceleration -  

Short Period, SMS (g) 
1.207 Equation 16-37, SMS=FaSS 

MCE 2 Spectral Response Acceleration -  

1 Sec. Period, SM1 (g) 
0.631 Equation 16-38, SM1=FvS1 

Design Spectral Response Acceleration - Short Period, SDS (g) 0.805 Equation 16-39, SDS=2/3*SMS 

Design Spectral Response Acceleration -  

1 Sec. Period, SD1 (g) 
0.421 Equation 16-40, SD1=2/3*SM1 

Notes: 

1. Calculated using USGS program "Earthquake Ground Motion Parameters" Version 5.0.8 using site coordinates 34.80305 North, -

116.40416 West. 

2. MCE – Maximum Considered Earthquake. 
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The selection of Site Class D will require further evaluation after completion of the future geotechnical 

subsurface explorations.  

5.4 RETENTION AND EVAPORATION BASINS 

We understand that provisions will be made for providing evaporation and retention basins within the 

Main Services Complex. Infiltration rates were not measured as part of the limited subsurface 

investigation.  It is our experience that permeability of on-site materials should range from moderate to 

high permeability for the onsite alluvium.  Recommendations for permeability for the materials at the 

bottom of the basins should be further evaluated once the design plans are finalized.  Field tests, such as 

infiltration tests, should be considered for inclusion in the final geotechnical investigation to measure 

infiltration rates. 

5.5 PAVEMENTS 

We understand that paved roadways will be constructed for main travel routes, with unpaved roads used 

between alternate rows of SunCatchers for construction and maintenance access. In addition, unpaved 

perimeter roads will be constructed to provide security access along the perimeter fence lines. Paved 

roadways will be constructed as close to the existing topography as possible, with limited cut and fill 

operations. Blading for unpaved roadways and foundations will occur between alternating rows of 

SunCatchers.   

Polymeric stabilizers may be used in lieu of traditional road construction materials for paved roads or to 

stabilize unpaved roads.  However, the property enhancements to the subgrade by polymeric stabilization 

are not known at this time.  Further field studies and analyses will be required to provide pavement 

structural sections.  Recommendations for both asphalt-paved roads and stabilized unpaved roads will be 

provided in the final geotechnical report. 
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SECTION 6 ADDITIONAL GEOTECHNICAL SERVICES 

Subsurface investigation will be required to provide geotechnical information for engineering design.  

Additional geologic review of fault hazards for the Pisgah fault and Lavic Lakes fault, including fault 

trenching, will also be performed.  The following field activities are recommended: 

 Hollow stem auger borings; 

 Test pits excavated by backhoe; 

 Evaluation of shear wave velocity in the upper 30 meters to support a Probabilistic Seismic 

Hazard Assessment (PSHA); 

 Fault trenching across suspected active fault traces within the site; 

 Geotechnical laboratory testing; 

 Field and laboratory electrical and thermal resistivity testing; and 

 Field permeability/infiltration testing. 

A combination of borings and test pits is expected to be required.  Borings will provide data on soil 

strength and compressibility, however refusal is likely to be encountered on cobbles and/or boulders in 

some locations, especially in the northern portion of the site.  It is noted that little recovery was obtained 

in undisturbed Modified Califormia samplers, and the majority of soil samples were obtained using 

Standard Penetration Test (SPT) samples. Test pits will provide a visual interpretation of the distribution 

of particle sizes, particularly where a significant percentage of cobbles and boulders are present. 

Following the field investigation, this report will be revised to include the field and laboratory data, as 

well as the results of additional engineering evaluations and analyses.  To provide an estimate of the 

ground motions expected at the site, a PSHA will also likely be required. The probabilistic analysis 

incorporates the contribution of all known active faults near the site for which published data are 

available. The analysis attempts to account for uncertainty in rupture size, rupture location, magnitude, 

and frequency, as well as uncertainty in the attenuation relationship.   
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SECTION 7 UNCERTAINTY AND LIMITATIONS 

The discussions and conclusions presented in this report are based on limited research and non-intrusive 

field observations. Subsurface investigation will be required to obtain data for use in performing 

engineering analyses in support of final project design. Depending on the results of future studies, the 

conclusions presented herein may require revision. 

Geotechnical engineering and the geologic sciences are characterized by uncertainty. Professional 

judgments presented herein are based partly on our understanding of the proposed construction, and partly 

on our general experience. Our engineering work and judgments rendered meet current professional 

standards; we do not guarantee the performance of the project in any respect. 
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URS geologists performed a preliminary geologic reconnaissance and field mapping of the proposed 

project site from October 28 through October 31, 2008. The geologic reconnaissance and mapping 

activities included general surficial mapping of the contacts between geologic units, measuring and 

recording structural data, and mapping of the major washes. Due to the size of the site and the preliminary 

scope of the evaluation, detailed mapping was only performed at selected locations. Selected photographs 

taken during the performance of the geologic field activities are presented in the photograph log below. 

Photograph locations are shown on Figure 5.   

GEOLOGIC RECONNAISANCE PHOTOGRAPH LOG 

 

 

Photograph #1 

Date: 10/28/08 

 

Comments: Qf – 

Quaternary alluvial fan 

gravel. Typically light 

reddish brown Gravelly 

(~30%) coarse to fine 

Sand (~50%), with 

Cobbles (~20%). 

Granitic and volcanic 

clasts up to 18”, sub-

angular to sub-round 

and moderately 

weathered. This 

formation type typically 

found in the north end 

(upper elevations) of the 

project site.  
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Photograph #2 

Date: 10/28/08 
 

Comments: Qa – 

Quaternary alluvium. 

Typically light reddish 

brown to light brown 

Gravelly (~15%) fine to 

coarse Sand (~85%), 

trace Cobbles. Granitic 

and volcanic clasts up to 

8”, sub-angular to sub-

round, moderately 

weathered, poorly to 

moderately 

consolidated. This 

formation type typically 

found in the central 

portion of the site. 

 

 

Photograph #3 

Date: 10/30/08 

 

Comments:  

View looking northeast 

showing Qa-Quaternary 

Alluvium on the central 

portion of the site. 
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Photograph #4 

Date: 10/30/08 

 

Comments: Qa – 

Quaternary alluvium 

with eolian sand 

observed on the surface. 

The wind blown sand 

was predominantly 

observed on the central 

and southern portions of 

the project site as a 

veneer overlying the 

mapped formations. 

 

 

Photograph #5 

Date: 10/30/08 

 

Comments: Qlc – 

Quaternary lacustrine 

deposits. These fine-

grain dry lake bed 

deposits were observed 

on the western portion 

of the project site. Mud 

cracks were apparent in 

localized surface 

depressions and in the 

low lying areas of the 

lacustrine environment.  
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Photograph #6 

Date: 10/30/08 

 

Comments: Qlc – 

Quaternary lacustrine 

deposits. View of the 

lacustrine deposits on 

the western portion of 

the project site looking 

west. Note the 

development of the 

immature desert 

pavement. 

 

 

Photograph #7 

Date: 10/30/08 

Comments: Qof – 

Quaternary older 

fanglomerate and 

gravel. Typically light 

reddish brown to light 

brown Sandy 

Gravel/Gravelly Sand 

with few Cobbles. 

Predominantly volcanic 

clasts up to 15”, sub-

angular to sub-round, 

moderately weathered, 

poorly to moderately 

consolidated. This 

formation type typically 

found in the southern 

central portion of the 

site. 
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Photograph #8 

Date: 10/29/08 

 

Comments: Qof - 

Quaternary older 

fanglomerate and 

gravel. Photograph 

taken while standing on 

Qof looking north. 

 

 

Photograph #9 

Date: 10/30/08 

 

Comments: Qb – 

Quaternary basalt of the 

Pisgah flow. Dark gray 

Basalt, vesicular, 

moderately weathered 

and strong. 
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Photograph #10 

Date: 10/30/08 

 

Comments: 

Photograph showing the 

contact between the 

Quaternary basalt Pisgah 

flow and the Quaternary 

lacustrine deposits. Note 

the mature desert 

pavement overlying the 

lacustrine deposits and 

the eolian sands partially 

enveloping the 

volcanics.  

 

 

Photograph #11 

Date: 10/30/08 

 

Comments:  

Photograph looking 

northwest showing 

surface expression of the 

Pisgah fault. This fault 

feature is located on the 

western edge of the 

project site. 
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As part of the preliminary geologic reconnaissance and field mapping for the proposed project site, URS 

geologists performed two surface transect evaluations. The surface transect evaluations were designed 

and conducted to gain an understanding of the surface geology with respect to grain/clast size distribution. 

The grain/clast size distribution may be an important factor in the design and installation of the proposed 

metal fin-pipe foundations used to support the SunCatchers. 

The surface transects were performed by first identifying two separate linear routes through relatively 

undisturbed segments of the geologic units found on the proposed project site. After the transect routes 

were selected, discrete locations were plotted along each transect, typically 1,500 to 1,800 feet apart. At 

each location, the URS geologists acquired their position using a handheld global positioning system 

(GPS), characterized the surface geology with respect to grain/clast size distribution and photographed the 

location. The surface geology was characterized by observing and recording color, grain sizes and relative 

percentage present, grain/clast shape, degree of weathering and general lithology. 

Transect No. 1 was performed along the eastern boundary of the proposed project site in a southwesterly 

direction, generally perpendicular to the geologic contacts on the alluvial fan. Transect No. 2 was 

performed near the northwestern boundary of the proposed project site in a southerly direction, also 

generally perpendicular to geologic contacts on the alluvial fan. Figure 5 shows the two transect lines and 

selected evaluation locations. Photographs of each transect and their respective evaluation locations along 

with detailed geologic observations are presented in the photograph log on the following pages. The grain 

size distributions are summarized in Table 3 of the report. 
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SURFACE TRANSECT PHOTOGRAPH LOG 

TRANSECT 1 

 

 

Photograph #1 

Date: 10/28/08 

 
 

Comments:  

Transect 1, Location 1 

Light reddish brown 

Gravelly (40%) coarse 

to fine Sand (40%), with 

Cobbles (20%). Granitic 

and volcanic clasts up to 

18”, sub-angular to sub-

round, moderately 

weathered. 

 

 

Photograph #2 

Date: 10/28/08 

 
 

Comments:  

Transect 1, Location 2 
Light reddish brown 

Gravelly (40%) coarse 

to fine Sand (40%), with 

Cobbles (20%). Granitic 

and volcanic clasts up to 

18”, sub-angular to sub-

round, moderately 

weathered. 
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Photograph #3 

Date: 10/28/08 

 
 

Comments:  

Transect 1, Location 3 

Light reddish brown 

Gravelly (30%) coarse 

to fine Sand (60%), with 

Cobbles (10%). Granitic 

and volcanic clasts up to 

12”, sub-angular to sub-

round, moderately 

weathered. 

 

 

Photograph #4 

Date: 10/28/08 

 

 

Comments:  

Transect 1, Location 4 
Light reddish brown 

Gravelly (25%) coarse 

to fine Sand (70%), few 

Cobbles (5%). Granitic 

and volcanic clasts up to 

12”, sub-angular to sub-

round, moderately 

weathered. 
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Photograph #5 

Date: 10/28/08 

 
 

Comments:  

Transect 1, Location 5 

Light reddish brown 

Gravelly (20%) fine to 

coarse Sand (75%), few 

Cobbles (5%). Granitic 

and volcanic clasts up to 

8”, sub-angular to sub-

round, moderately 

weathered. 

 

 

Photograph #6 

Date: 10/28/08 

 

 

Comments:  

Transect 1, Location 6 
Light reddish brown 

Gravelly (15%) fine to 

coarse Sand (80%), few 

Cobbles (5%). Granitic 

and volcanic clasts up to 

8”, sub-angular to sub-

round, moderately 

weathered. 
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Photograph #7 

Date: 10/28/08 

 
 

Comments:  

Transect 1, Location 7 

Light reddish brown fine 

to coarse Sand (95%), 

few Gravels (5%), trace 

Cobbles. Granitic and 

volcanic clasts up to 6”, 

sub-angular to sub-

round, moderately 

weathered. 

 

 

Photograph #8 

Date: 10/28/08 

 

 

Comments:  

Transect 1, Location 8 
Light brown silty fine to 

coarse Sand (95% 

including eolian sand), 

few Gravels (5%). 

Granitic and volcanic 

clasts up to 3”, sub-

angular to sub-round, 

moderately weathered. 
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Photograph #9 

Date: 10/28/08 

 

Comments:  

Transect 1, Location 9 

Light brown silty fine to 

coarse Sand (95% 

including eolian sand), 

few Gravels (5%). 

Granitic and volcanic 

clasts up to 3”, sub-

angular to sub-round, 

moderately weathered. 

 

 

Photograph #10 

Date: 10/28/08 

 

 

Comments:  

Transect 1, Location 

10 

Dark gray Basalt with 

veneer of eolian Sand, 

moderately weathered. 
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TRANSECT 2 

 

 

Photograph #1 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 1 

Light brown Gravelly 

(20%) fine to coarse 

Sand (80%), trace 

Cobbles. Granitic and 

volcanic clasts up to 8”, 

sub-angular to sub-

round, moderately 

weathered, poorly to 

moderately 

consolidated. 

 

 

Photograph #2 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 1 
View looking northeast 

showing Qa-Quaternary 

Alluvium. 
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Photograph #3 

Date: 10/30/08 
 

Comments:  

Transect 2, Location 2 

Light brown Gravelly 

(10%) fine to coarse 

Sand (90%), trace 

Cobbles. Granitic and 

volcanic clasts up to 8”, 

sub-angular to sub-

round, moderately 

weathered, poorly to 

moderately 

consolidated. 

 

 

Photograph #4 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 2 
View looking north 

showing Qa-Quaternary 

Alluvium. 
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Photograph #5 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 3 

Light brown Gravelly 

(10%) fine to coarse 

Sand (90% including 

eolian sand), trace 

Cobbles. Granitic and 

volcanic clasts up to 8”, 

sub-angular to sub-

round, moderately 

weathered, poorly to 

moderately 

consolidated. 

 

 

Photograph #6 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 3 
View looking northwest 

showing Qa-Quaternary 

Alluvium with eolian 

sand on the surface. 
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Photograph #7 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 4 

Light brown Gravelly 

(20%) fine to coarse 

Sand (80% including 

eolian sand), trace 

Cobbles. Granitic and 

volcanic clasts up to 8”, 

sub-angular to sub-

round, moderately 

weathered, poorly to 

moderately 

consolidated. 

 

 

Photograph #8 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 4 
View looking west 

showing Qa-Quaternary 

Alluvium with eolian 

sand on the surface. 
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Photograph #9 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 5 

Light brown fine to 

coarse Sand (95% 

including eolian sand) 

with Gravel (5%), trace 

Cobbles. Granitic and 

volcanic clasts up to 8”, 

sub-angular to sub-

round, moderately 

weathered, poorly to 

moderately 

consolidated. 

 

 

Photograph #10 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 5 
View looking northeast 

showing Qa-Quaternary 

Alluvium with eolian 

sand on the surface. 

Incised washes become 

braided streams. 
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Photograph #11 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 6 

Light brown fine to 

medium eolian Sand, 

underlain by reddish 

brown, well 

consolidated, fine to 

coarse Sand (95%), few 

Gravels (5%). Granitic 

and volcanic clasts up to 

4”, sub-angular to sub-

round, moderately 

weathered. 

 

 

Photograph #12 

Date: 10/30/08 

 

Comments:  

Transect 2, Location 6 
View looking northeast 

showing Qa-Quaternary 

Alluvium with eolian 

sand on the surface. 

Braided streams are 

apparent. 

 


